Objectives: Decreased staffing at nighttime is associated with worse outcomes in hospitalized patients. Rapid response teams were developed to decrease preventable harm by providing additional critical care resources to patients with clinical deterioration. We sought to determine whether rapid response team call frequency suffers from decreased utilization at night and how this is associated with patient outcomes. Design: Retrospective analysis of a prospectively collected registry database. Setting: National registry database of inpatient rapid response team calls. Patients: Index rapid response team calls occurring on the general wards in the American Heart Association Get With The Guidelines-Medical Emergency Team database between 2005 and 2015 were analyzed. Interventions: None. Measurements and Main Results: The primary outcome was inhospital mortality. Patient and event characteristics between the hours with the highest and lowest mortality were compared, and multivariable models adjusting for patient characteristics were fit. A total of 282,710 rapid response team calls from 274 hospitals were included. The lowest frequency of calls occurred in the consecutive 1 am to 6:59 am period, with 266 of 274 (97%) hospitals having lower than expected call volumes during those hours. Mortality was highest during the 7 am hour and lowest during the noon hour (18.8% vs 13.8%; adjusted odds ratio, 1.41 [1.31-1.52]; p < 0.001). Compared with calls at the noon hour, those during the 7 am hour had more deranged vital signs, were more likely to have a respiratory trigger, and were more likely to have greater than two simultaneous triggers. Conclusions: Rapid response team activation is less frequent during the early morning and is followed by a spike in mortality in the 7 am hour. These findings suggest that failure to rescue deteriorating patients is more common overnight. Strategies aimed at improving rapid response team utilization during these vulnerable hours may improve patient outcomes. (Crit Care Med 2017; 45:1677-1682) Key Words: clinical deterioration; early warning systems; hospital quality and safety; medical emergency team; rapid response team V ariations in care by time of day are common in hospitals, with nighttime hours often associated with decreased staffing and the availability of diagnostic tests or procedures (1) (2) (3) (4) (5) . These discrepancies have been associated with treatment delays and worse outcomes at night for many conditions including maternal outcomes after childbirth (1), stroke (2), myocardial infarction (3), and inhospital cardiac arrest (4, 5) . Of note, the disparity in outcome by time of day is most pronounced in lower acuity settings such as unmonitored units, as opposed to ICUs, which are more likely to maintain higher levels of support at all hours (6) .
Rapid response teams (RRTs) were designed to rapidly deploy critical care resources to deteriorating patients outside critical care areas around the clock and have been associated with decreases in cardiac arrest rates outside the ICU and, in some studies, inhospital mortality (7) . In theory, RRTs could ameliorate the day-night disparity in care. However, prior work has shown that the majority of RRT activations occur during daytime hours (8) . It is not known whether that phenomenon represents appropriate utilization with higher needs during daytime hours or a delay in recognition and activation on the part of caregivers at night. Therefore, we investigated the frequency of RRT calls by time of day and the association with inhospital mortality in a large, national registry. We hypothesized that RRT calls would be underused at night, with an associated increased mortality of patients receiving RRT calls in the early morning hours.
MATERIALS AND METHODS

Study Population
Within Get With The Guidelines-Resuscitation, all patients from June 2005 to February 2015 were eligible for study inclusion. This database is an American Heart Association (AHA)-sponsored registry in which hospitals voluntarily prospectively collect and input data regarding RRT calls at their institution using the AHA's online Get With the Guidelines Patient Management Tool. All participating institutions were required to comply with local regulatory and privacy guidelines and, if required, to secure institutional review board approval. Because data were used primarily at the local site for quality improvement, sites were granted a waiver of informed consent under the common rule. Institutional data are then linked from the American Hospital Association database to provide hospital-level information, and random patient and hospital identifiers are generated for deidentification purposes in order to be compliant with the Health Insurance Portability and Accountability Act. In this study, the index (first) RRT during hospital admission occurring on the general medical-surgical wards or telemetry units (nonICUs) was included in the analysis. Hospitals with less than 50 RRT calls in the registry were excluded.
Study Variables and Outcomes
Data collected for each RRT call include patient demographics (age, sex, race), illness type (medical-cardiac, medical-noncardiac, surgical-cardiac, surgical-noncardiac, obstetric, trauma), event characteristics (whether the patient was previously in an ICU, postanesthesia care unit [PACU], emergency department [ED], or received sedation in the prior 24 hr; the trigger for the RRT call; vital signs at the time of the RRT call; length of stay prior to call; location of call; therapies given during the call; outcomes from the call [death, cardiac arrest, acute respiratory compromise, ICU transfer after the call]), and hospital characteristics (teaching status, rural vs not, bed size).
Two primary variables were investigated in the study: 1) the percentage of RRT calls occurring at each clock hour and 2) inhospital mortality at each clock hour. The percentage of RRT calls per clock hour was calculated by dividing the frequency of RRT calls for each hour by the total number of RRT calls included in the study. Inhospital mortality for each hour was calculated by dividing the number of patients who died in each clock hour by the number of calls for that hour. Clock hour was defined as the time of day that RRT call occurred (i.e., the time of the RRT activation). For those calls with missing RRT activation time, the time of RRT arrival was used; if both activation time and arrival time were missing, then time of RRT departure was used. Secondary outcomes investigated in the study were acute respiratory compromise (defined as events that required emergency assisted ventilation), cardiac arrest during the RRT call, and ICU transfer after the RRT call.
Statistical Analysis
The frequency of RRT calls and the respective inhospital mortality for each clock hour were presented graphically using descriptive statistics. To determine what proportion of hospitals had decreased nighttime call rates, the percentage of RRT calls occurring during the 6 hours with the lowest call rate at night was calculated for each hospital. The observed percentage of calls during this 6-hour period at each hospital was then compared with the expected 25% rate that should occur if call frequency was uniform over the 24-hour clock to determine what proportion of hospitals have decreased call rates overnight. Hospital characteristics were then compared across quintiles of call frequency during the lowest 6-hour call period using a nonparametric test for trend.
At the patient level, comparisons of demographics, illness type, prior hospital care, event characteristics, call outcomes, and inhospital mortality were compared between calls during the hour with the highest compared to the lowest inhospital mortality. A multivariable hierarchical logistic regression model was then fit, with a random effect for each center, adjusting for patient and prior hospital care characteristics (age, sex, race, illness category, location of the call, length of stay prior to the call, whether the patient had a prior ICU stay, and whether that patient was in the ED, received sedation, or was in the PACU within 24 hr prior to the call) to determine whether this difference in mortality was independent of these factors. Further models were fit to determine the association between time of day and cardiac arrest, acute respiratory compromise, and transfer to the ICU during the call. Analyses were performed using Stata 14.2 (College Station, TX), and p < 0.05 (two tailed) denoted statistical significance.
RESULTS
A total of 282,710 RRT calls on the general medical-surgical or telemetry wards from 274 hospitals were included in the study. In the study population, the mean age of the included patients was 65 (sd 17), 47% were female and 69% were non-Hispanic white. Forty percent of calls occurred on the telemetry wards. Call frequency varied by hour of day, with the 6 hours with the fewest calls occurring in the consecutive time block from 1 am to 6:59 am (range 9,402-10,334 calls) and the greatest number of calls occurring at 8 am (14,329 calls; Fig. 1 ). Mortality also varied by time of day, with the 7 am hour (7 am to 7:59 am) having the highest mortality (18.8%) and the noon hour (12 pm to 12:59 pm) having the lowest mortality (13.8%).
As shown in Table 1 , patient demographics were similar for RRT calls during the 7 am hour compared with the noon hour. Patients at 7 am were more likely to be noncardiac medical patients (64% vs 60%) and less likely to be noncardiac surgical patients (14% vs 16%) (p < 0.001). RRT calls during the 7 am hour more likely to be activated due for respiratory reasons (44% vs 36%; p < 0.001) and had a higher proportion of patients with a respiratory rate greater than or equal to 25 (29% vs 22%), heart rate greater than or equal to 131 (15% vs 12%), and oxygen saturation less than or equal to 91% (23% vs 18%) (Table 2) (p < 0.01 for all comparisons). RRTs at 7 am were less likely to be activated for neurologic triggers (30% vs 34%; p < 0.001), and fewer patients with a 7 am RRT calls received sedation within the prior 24 hours compared with the noon hour (6% vs 8%; p < 0.001).
Multivariable hierarchical models with adjustment for patient and prior hospital care variables demonstrated that RRT calls at 7 am had significantly higher odds of acute respiratory compromise (odds ratio [ Table 3 ). Adjusted inhospital mortality by time of day is shown in Figure 1 .
As shown in Figure 2 , 97% of the hospitals (266/274) had a lower observed early morning call proportion than the expected 25% during the 1 am to 6:59 am time block, with a median of 16%. Major teaching hospitals had the lowest mean early morning call frequency (14%), followed by minor teaching (16%) and nonteaching hospitals (17%). Hospital characteristics compared across quintiles of early morning call percentage are shown in Appendix 1 (Supplemental Digital Content 1, http://links.lww.com/CCM/C765).
DISCUSSION
In this large study from a national RRT call registry, we found that the frequency and inhospital mortality of RRT calls varied significantly by time of day. In particular, the 6 hours of lowest call frequency in the early morning were followed by the hour with the highest inhospital mortality (7 am to 7:59 am). Compared with the noon hour, which had the lowest mortality, calls during the 7 am hour had more deranged vital signs and were more likely to have respiratory triggers as the cause for RRT activation, suggesting increased delays in identification and treatment at night. These findings demonstrate that RRTs are subject to the same diurnal trends in patient contact as the usual hospital care they are meant to supplement, which highlights an important deficiency in these systems. Improving the recognition of impending critical illness and the rate of RRT calls at nighttime could have a large potential benefit for the care of hospitalized patients.
Our finding of a lower frequency of calls at night is consistent with prior smaller studies. In one study across seven hospitals in Australia, Canada, and Sweden over a 1-month period, call frequency was highest between 8 am and 6 pm (9). A singlecenter study by Jones et al (10) found that RRT call frequency was highest during nurse hand-off times and after vital signs were obtained. Furthermore, a study by Benin et al (11) found that 40% of calls occurred during the day, 35% during the evening, and 25% at night at their hospital. Finally, a singlecenter study in the United States by Galhotra et al (12) at the University of Pittsburgh found that call frequency was lowest from midnight to 7 am, although they did not investigate the inhospital mortality associated with the calls over time.
Our associated finding that calls in the 7 am hour, which followed the 6-hour span with the lowest call frequency, presented with vital signs that were significantly more deranged than the noon hour suggests a delay in recognition and treatment of clinical deterioration at night as the likely explanation for the early morning peak in mortality. This would also be consistent with a prior study by Chen et al (13) across 23 hospitals, which demonstrated that delayed calls were associated with a 79% increase in the odds of death and were more likely to occur between 12 am and 6 am. Another study by Jones et al (14) found an inverse relationship between the occurrence of cardiac arrest on the wards and RRT call frequency. Our study, combined with these, suggests that decreased utilization of RRTs at night may increase mortality of critically ill ward patients and that improving recognition and increasing nighttime RRT call frequency have the potential to improve the safety of hospitalized patients.
One potential solution for improving the utilization of RRTs overnight is increased frequency of monitoring in highrisk patients paired with universal monitoring with evidencebased early warning scores. This could lead to automated notification of the RRT when vital signs become deranged to allow for prompt recognition of clinical deterioration at all hours of the day or night. Respiratory rate and heart rate have been shown to be the two most accurate predictors for clinical deterioration on the wards (15) . Novel sensors now enable continuous or high-frequency measurement of these two variables, and prior work suggests that this technology may decrease cardiac arrest rates (16) . Early warning scores, Figure 1 . Distribution of rapid response team call frequency and adjusted inhospital mortality over clock time. *Adjusted for patient and prior hospital care characteristics (age, sex, race, illness category, location of the call, length of stay prior to the call, whether the patient had a prior ICU stay, and whether that patient was in the emergency department, received sedation, or was in the postanesthesia care unit within 24 hr prior to the call) in a hierarchical random effects model, with noon as the reference time.
www.ccmjournal.org
October 2017 • Volume 45 • Number 10 such as the Modified Early Warning Score (MEWS) (17) , can be used to risk stratify patients for additional surveillance. We have previously shown that an 11 pm MEWS score correlates well with overnight risk of clinical deterioration on the general wards (18) and that more advanced tools that incorporate vital signs, laboratory data, and demographics with machine learning modeling are even more accurate (19) . Further, these tools can be configured to automatically notify caregivers and even activate the RRT directly when patients pass a preset threshold.
The disproportionate number of noncardiac medical patients in the 7 am cohort of RRT calls may indicate that this patient population is particularly prone to overnight failures to rescue. Further, the higher proportion of surgical patients in the noon RRT cohort may be related to interventions received in the morning and/or the surgical schedule, which may decrease surgeon availability on the general wards in the middle of the day. In addition, our finding that major teaching hospitals were overrepresented in the lowest quintile of observed to expected early morning RRT utilization suggests the possibility of an interaction between hospital teaching status and overnight surveillance or willingness of nurses to call for help.
There are several important limitations of this work. First, this was a retrospective observational study and therefore a causal link between the diurnal rates of RRT calls and inhospital mortality cannot be determined with certainty. In addition, there may be important differences between hospitals included in the Get With the Guidelines-Medical Emergency Team registry compared with those not included, which could result in an under-or overestimation of our results compared with a random sample of all hospitals in the United States. The effect may also differ based on the composition of the hospital's RRT and staff availability. However, our study included a large sample of hospitals, and it is likely that the quality of the RRTs at the included hospitals that chose to participate in the registry is higher than hospitals that did 
CONCLUSIONS
In conclusion, in a large national RRT registry, we found that RRT calls are less common during the early morning hours, which is associated with a peak in mortality during the 7 am hour that is independent of patient characteristics. These findings demonstrate a major weakness in the current rapid response system, and efforts to improve overnight call frequency may improve patient safety and mortality. Adjusted for patient and prior hospital care characteristics (age, sex, race, illness category, location of the call, length of stay prior to the call, whether the patient had a prior ICU stay, and whether that patient was in the emergency department, received sedation, or was in the postanesthesia care unit within 24 hr prior to the call).
Figure 2.
Percentage of daily rapid response team calls occurring from 1 am to 6:59 am in individual hospitals. As shown, less than 5% of hospitals have the expected 25% call rate during this 6-hour time period.
